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ABSTRACT

This article reviews visual rehabilitation in keratoconus, a progressive corneal ectasia that typically 
affects young people and can cause significant functional limitations. Based on a review of recent 
literature, we describe the main types of contact lenses used in these patients, including soft toric 
lenses, rigid gas-permeable corneal lenses, piggyback systems, hybrid lenses, and scleral lenses, 
highlighting their indications, advantages, limitations, and potential complications. Next, we present the 
optical and biomechanical principles of intrastromal rings, the criteria for their selection, implantation 
techniques, visual outcomes, and associated adverse events. Finally, practical strategies for refraction 
in glasses and for contact lens wearers are discussed, with a focus on subjective visual quality and 
effective doctor-patient communication. The aim is to provide a concise, clinically applicable guide to 
optimize the visual rehabilitation of people with keratoconus.

RESUMO

Este artigo revisa a reabilitação visual no ceratocone, ectasia corneana progressiva que acomete, 
em geral, indivíduos jovens e pode causar importante limitação funcional. A partir de uma revisão 
da literatura recente, descrevem‑se as principais modalidades de lentes de contato utilizadas nesses 
pacientes, incluindo lentes gelatinosas tóricas, rígidas gás‑permeáveis corneanas, sistemas piggyback, 
lentes híbridas e esclerais, destacando indicações, vantagens, limitações e complicações. Em seguida, 
são apresentados os fundamentos ópticos e biomecânicos dos anéis intraestromais, seus critérios de 
seleção, técnicas de implantação, resultados visuais e possíveis eventos adversos. Por fim, discutem‑se 
estratégias práticas de refração em óculos e sobre refração em usuários de lentes de contato, com foco 
na qualidade visual subjetiva e dedica-se atenção à efetiva comunicação médico–paciente. O objetivo 
é oferecer um guia conciso e aplicável à prática clínica para otimizar a reabilitação visual de pessoas 
com ceratocone.
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INTRODUCTION

Keratoconus is a progressive, non-inflammatory 
corneal ectasia characterized by stromal thinning and 
corneal protrusion, resulting in irregular astigmatism 
and increased higher-order optical aberrations, parti-
cularly coma. The disease typically begins in the se-
cond decade of life and follows a heterogeneous cour-
se. Clinically, it manifests as reduced visual acuity, 
image distortion, halos, and a significant impact on 
quality of life, most commonly affecting young people 
of school age or working age1,2.

For many years, the prevalence of keratoconus 
was estimated at approximately 1:2,000 inhabitants, 
based on limited diagnostic methods such as 
biomicroscopy and keratometry. More recent studies 
using Scheimpflug tomography and other high-
resolution imaging techniques have shown that 
keratoconus is considerably more common, with 
prevalence rates ranging from 0.1% to over 3%–4% 
in different populations, depending on the diagnostic 
criteria employed3,4.

In a recent study using Scheimpflug tomography, 
Shabani et al. analyzed different definitions of ke-
ratoconus within the same cohort and demonstrated 
that prevalence varied from 0.19% to 9.29%, depen-
ding solely on the criteria used, highlighting the im-
pact of diagnostic standardization4.

Recent reviews reinforce that keratoconus is the 
most common corneal ectasia, with an estimated 
prevalence of 120–265 per 100,000 inhabitants in the 
general population, and even higher in certain ethnic 
groups and specific regions, such as the Middle East 
and North Africa3. This higher frequency, combined 
with its early onset and potential for rapid progression 
in adolescents and young adults, makes keratoconus 
a significant public health concern. The disease is 
bilateral and asymmetrical in approximately 96% of 
cases5.

Modern management of keratoconus is based on 
three pillars:
1.	 Early diagnosis and risk stratification using cor-

neal topography/tomography;
2.	 Control of progression, primarily with corneal 

collagen cross-linking;
3.	 Visual rehabilitation, using glasses, various types 

of contact lenses, intrastromal rings, and, in se-
lected cases, corneal transplantation1,2,5.
This article focuses on visual rehabilitation 

in keratoconus, emphasizing: (a) contact lenses; 
(b) intrastromal rings; and (c) practical refractive 

strategies for these patients, integrating recent 
evidence from the medical literature1,2,5,6.

THE ROLE OF CONTACT LENSES IN VISUAL 
REHABILITATION

Contact lenses versus glasses
In the early stages of keratoconus, many patients 

can still achieve satisfactory visual acuity with 
spectacle correction or soft toric lenses, especially 
when astigmatism is relatively mild. As the ectasia 
progresses, with increasing corneal irregularity 
and higher-order aberrations, spectacle correction 
becomes insufficient, and patients often experience 
monocular diplopia, “ghosting,” and reduced contrast 
sensitivity. Advances in contactology over the past 5 
years have emphasized the use of specialized scleral 
and corneal lenses4,7.

At these stages, contact lenses become the pri-
mary tool for visual rehabilitation. Recent reviews 
emphasize that contact lenses should be considered 
whenever vision cannot be corrected satisfactorily 
with glasses, and they are now the optical treatment 
of choice for most patients with moderate to advan-
ced keratoconus4,8.

The decision to switch from glasses to contact 
lenses and the choice of lens type depend on several 
factors:
•	 Stage of the disease (assessed by topography, to-

mography, and pachymetry);
•	 Visual quality with glasses (functional or occupa-

tional limitations);
•	 Presence of central corneal scars;
•	 Previous tolerance to contact lenses;
•	 Ocular surface conditions (dry eye, allergy, ble-

pharitis);
•	 Professional requirements and lifestyle1,2.

Fitting must be individualized, with a decision-
making process that considers the morphology of the 
cone (nipple, oval, globular), location of the ectasia, 
minimum corneal thickness, and expected lens use1.

Types of contact lenses for keratoconus
Soft toric lenses and special designs

Soft toric lenses may be an option in early ke-
ratoconus, when corneal irregularity is still mild4.  
However, their ability to neutralize higher-order aber-
rations is limited, and visual quality is usually infe-
rior to that achieved with rigid lenses4,9.
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Soft lenses specifically “customized” for kerato
conus, featuring increased central thickness and 
tailored designs, have been described, but they are 
primarily indicated for mild cases or for patients 
intolerant of rigid lenses who are willing to compromise 
between comfort and optical performance4.

The main features of soft toric lenses include:
•	 Advantages: greater initial comfort and rapid 

adaptation;
•	 Limitations: visual variability due to rotation 

of the toric axis, limited correction of corneal 
irregularity, and risk of hypoxia in thick lenses if 
Dk/t is inadequate4,9.
Video 1 demonstrates the positioning and centra-

tion of a soft toric lens after a few seconds of accom-
modation, highlighting corneal alignment and axis 
stability—key factors for achieving good visual quali-
ty in patients with keratoconus.

Rigid gas-permeable (RGP) corneal lenses
Corneal RGP lenses have been the gold standard 

for visual rehabilitation in keratoconus for decades2,4. 

They create a regular optical surface, with the tear 
film between the back of the lens and the cornea 
compensating for much of the irregularity. Studies 
show that RGP lenses provide better corrected visual 
acuity than glasses, with a significant reduction in 
coma and other higher-order aberrations4,9.

The current range of designs includes aspheric 
lenses, multicurve lenses, reverse-geometry lenses, 
and specific designs tailored to different cone mor-
phologies. The choice of lens is guided by corneal 
topography and/or tomography, which inform the 
curvature, diameter, and base design, allowing adap-
tation for light apical contact or slight apical clearan-
ce, depending on the selected fitting philosophy1,5,9.

The main disadvantages include initial discomfort, 
the risk of apical microtrauma with excessive contact, 
and lens instability in very prominent or central 
cones. For better understanding, Figure 1 shows the 
anatomy of a rigid gas-permeable lens positioned on a 
suction cup used for insertion or removal, illustrating 
its shape, thickness, and transparency.

Piggyback systems
In cases where the patient achieves good visual 

acuity with an RGP lens but experiences intolerance 
due to discomfort or apical epithelial abrasions, a 
piggyback system—a high-Dk soft lens worn beneath 
the RGP lens—can be a useful strategy4,9. The soft 
lens protects the apex of the cone and improves 
comfort; however, it increases handling complexity 
and requires high-Dk materials in both lenses to 
minimize the risk of hypoxia4.

Video 1. Centering and initial alignment of a soft toric lens in a patient with keratoconus.

https://vimeo.com/1152607106
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Hybrid lenses
Hybrid lenses feature a rigid gas-permeable cen-

tral zone surrounded by a soft peripheral skirt, com-
bining the optical performance of RGP lenses with 
the comfort of soft lenses. In keratoconus, specific 
designs allow proper lens centration over the cone, 
providing both stability and comfort4.

The main limitations include higher cost, the 
need for specialized care, and potential issues at the 
rigid–soft junction, such as tears or deposit forma-
tion. Despite these drawbacks, hybrid lenses remain 
a valuable option for patients who cannot tolerate 
pure corneal RGP lenses and are unable or unwilling 
to adapt to scleral lenses7.

Scleral and mini-scleral lenses
Scleral and mini-scleral lenses have gained 

prominence in recent years as highly effective tools 
for managing moderate to advanced keratoconus1,2,10. 

These lenses rest on the sclera and cover the entire 
cornea, creating a fluid reservoir between the lens and 
the epithelium that effectively neutralizes corneal 
irregularity10-14.

Studies have shown substantial and sustained 
improvements in visual acuity and quality of life with 
scleral lenses in keratoconus, even in advanced cases 
and post-keratoplasty corneas10,12,13,15.

The main advantages of scleral lenses include:
•	 Excellent optical quality due to the neutralization 

of aberrations;
•	 High comfort, as the lens rests on the conjuncti-

va/sclera;
•	 Positional stability, with minimal sensitivity to 

blinking.
Care during fitting involves controlling the 

central vault to achieve a balance that avoids both 
corneal contact and excessive fluid accumulation. 
Additionally, scleral alignment must be carefully 
assessed to prevent conjunctival or vessel blanching, 
while prioritizing high-Dk materials to reduce the 
risk of hypoxia10,11. These advances have elevated 
scleral lenses as a non-surgical mainstay in the 
management of keratoconus16.

Figure 2A shows a lateral view of a scleral lens 
during the fitting process, highlighting the attention 
required to avoid excessive central clearance. Fi
gure 2B shows the lens properly aligned, with 
no corneal-limbus contact, emphasizing the im
portance of careful assessment for achieving a safe 
and physiological fit.

It is important to note that, whenever possible, 
corneal RGP lenses should be tried before fitting a 
scleral lens, taking into account the dynamics of the 
lacrimal pump6.

PRACTICAL LENS FITTING STRATEGIES FOR KE-
RATOCONUS

Contact lens fitting in keratoconus should be 
guided by three main elements: (a) tomographic and 
topographic data; (b) detailed biomicroscopic exami-
nation; and (c) subjective perception of vision and 
comfort.1,2,5

Choice of lens type according to cone morphology
Recent contact lens management guidelines pro-

vide practical algorithms for lens selection5,7,9:
•	 Small apical cone (nipple): Smaller-diameter 

corneal RGP lenses, with designs specific for 
keratoconus, are usually sufficient.

Figure 1. Rigid gas-permeable lens positioned on a handling suction 
cup.
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•	 Oval or paracentral cone: Larger-diameter RGP 
lenses, intralimbal lenses, or mini-scleral lenses 
tend to provide better centration and stability.

•	 Globus cone or extensive/post-surgical ectasia: 
Scleral lenses are generally the best option, as they 
can vault over large areas of corneal irregularity.

•	 Significant central scarring: Rigid lenses often im-
prove vision substantially. If visual gain is limited 
by the opacity, keratoplasty may be considered1.

Oxygenation, duration of use, and complications
Chronic hypoxia is a major concern with contact 

lenses, particularly with thick soft lenses and scleral 
lenses with excessive vault. The use of high Dk/t 

materials is recommended, along with limiting wear 
time in low-oxygen environments and monitoring for 
signs of stromal edema, epithelial microcysts, and 
neovascularization10,11.

Common complications include apical abrasions 
with poorly fitting RGP lenses, sterile infiltrates, lens 
deposits, keratitis, and intolerance to maintenance 
solutions. Management strategies involve redesigning 
or refitting the lens, adjusting cleaning solutions, 
and addressing ocular surface comorbidities such as 
blepharitis, allergies, and dry eye5,7.

INTRACORNEAL RINGS IN KERATOCONUS

Optical and biomechanical principles
Intracorneal ring segments (ICRS) are PMMA im-

plants placed in the mid-peripheral corneal stroma to 
reduce surface irregularities and decrease central cor-
neal curvature. The implant increases the cornea’s 
peripheral circumference, promoting central flatte-
ning, reducing maximum keratometry values, and 
decreasing irregular astigmatism17,18.

The magnitude of the effect depends on several 
factors: the thickness, arc length (in degrees), and po-
sition of the segments, as well as the number of seg-
ments implanted, which may be one or two and can 
be positioned symmetrically or asymmetrically17,18.

Indications and case selection
The main indications for ICRS in keratoconus 

are17,18:
•	 Mild to moderate keratoconus with a clear cornea 

and adequate minimum stromal thickness at the 
implantation site (usually >400–450 µm, depen-
ding on the nomogram and device);

•	 Contact lens intolerance or poor visual quality 
with well-fitting lenses;

•	 Significant corneal irregularity that hinders or 
prevents proper contact lens fitting;

•	 Patient desire to reduce dependence on optical 
correction in selected cases.

Contraindications include dense central corneal 
scars, extreme stromal thinning, very advanced ecta-
sia, severe ocular surface disease, and, in some cases, 
low endothelial cell counts17,18.

Updated nomograms incorporate factors such as 
cone location, degree of asymmetry, sphero-cylindri-
cal refraction, pachymetry, and higher-order aberra-
tions to determine the optimal number, thickness, 
and position of segments17,19.

Figure 2. A. Lateral evaluation of a scleral lens during fitting, showing 
control of the central vault. B. Scleral lens properly aligned, with no 
corneal-limbus contact.

A

B
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Implantation techniques
Stromal tunnels for intracorneal ring segments 

can be created using either a mechanical technique 
or a femtosecond laser-assisted approach. Compara-
tive studies suggest that the femtosecond laser provi-
des greater accuracy in depth and diameter, reduces 
the risk of perforation, and allows more predictable 
centration, making it the preferred method in many 
centers14.

Recently, corneal allogenic intrastromal ring seg-
ments (CAIRS) have been proposed. These use donor 
corneal tissue instead of PMMA to reduce glare and 
complications associated with synthetic materials. 
Advantages of CAIRS include improved biocompati-
bility, lower extrusion rates, reduced risk of neovas-
cularization, and minimal induction of stromal haze. 
Initial results are promising, although long-term stu-
dies are still lacking18.

Visual and topographic results
Narrative and systematic reviews show that ICRS 

provide14,16:
•	 An average improvement of 1–3 lines of corrected 

visual acuity;
•	 Reduction of maximum keratometry by 2–7 

diopters, depending on the segment type and 
stage of ectasia20;

•	 Significant reduction in comatic and other higher-
order aberrations.
Morales et al. note that ICRS are a minimally in-

vasive option that can improve vision and potentially 
postpone or avoid keratoplasty in selected cases18. 
Recent studies in Brazil using asymmetric Keraring 
implants report consistent visual gains, significant 
reduction in astigmatism, and a low rate of serious 
complications19.

The combination of ICRS and corneal collagen 
cross-linking (CXL) is common practice. Eviden-
ce suggests that this combination can stabilize the 
ectasia and maintain the optical effects of the rings 
long-term, provided appropriate patient selection and 
surgical sequencing are followed17,18.

Complications
The main complications associated with ICRS 

include17,18:
Segment migration or extrusion;
Intraoperative anterior chamber perforation;
Deposits on the interface, night halos, and glare;
Epithelial defects over the segment;

 Infectious keratitis.
Recent reviews indicate that the rate of serious 

complications is low when procedures are performed 
by experienced surgeons and properly planned17,18. In 
this context, ICRS have become an important tool in 
optical rehabilitation, particularly as a bridge betwe-
en purely optical correction with contact lenses and 
keratoplasty.

REFRACTIVE TIPS FOR KERATOCONUS PATIENTS

Optical specificities
In keratoconus, higher-order aberrations, particu-

larly vertical coma, have a significant impact on visu-
al quality, even when measured visual acuity remains 
relatively good1,2,5. This implies that some patient 
complaints cannot be fully addressed with conventio-
nal sphero-cylindrical correction alone. Understan-
ding this limitation is essential for managing patient 
expectations and accurately interpreting refractive 
outcomes.

Refraction in glasses
Although optimal visual rehabilitation in kerato-

conus often requires contact lenses, spectacle pres-
cription remains relevant:
•	 As primary correction in the early stages of the 

disease;
•	 For specific tasks, such as reading or computer 

work;
•	 As a backup option in case of contact lens loss or 

intolerance.

Retinoscopy and objective refraction
Retinoscopy typically reveals the characteristic 

scissoring reflex of keratoconus, providing guidance 
for both the axis and approximate magnitude of astig-
matism5. Autorefractors generally have low accuracy 
in these patients and should be used cautiously, pri-
marily as an initial reference rather than a definitive 
measurement.

Subjective refraction - practical tips5,8,9

•	 Reduce the pupil diameter during the examina-
tion. Use a bright room with moderate table li-
ghting to minimize the contribution of the most 
irregular corneal areas; dynamic refraction can 
also be employed.

•	 First determine the best spherical focus while 
controlling accommodation (fogging technique), 
then refine the cylinder.
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•	 Avoid excessively high cylinder powers; for values 
above 4–5 D, it is often preferable to accept a sli-
ght loss of acuity in favor of greater comfort and 
tolerance.

•	 When possible, use a trial frame, as it more accu-
rately reproduces actual conditions of use than a 
phoropter.

Consider anisometropia and aniseikonia. Very 
large interocular differences may require specific 
compensations or consideration of monocular predo-
minance for certain tasks.

Utilize auxiliary formulas (such as empirical 
sphere–cylinder equivalence formulas) and allow the 
patient to actively participate in choosing the best 
cylindrical axis, adjusting it to achieve maximum vi-
sual sharpness.

Refraction in contact lens wearers
Over-refraction is a critical component of visu-

al rehabilitation with contact lenses. Contemporary 
guidelines emphasize that careful over-refraction is 
decisive for achieving optimal visual outcomes, parti-
cularly with rigid and scleral lenses8,9.

General principles
•	 Perform over-refraction only after the lens has 

stabilized on the eye. For scleral lenses, it is re-
commended to wait approximately 60 min after 
insertion.

•	 For corneal RGP lenses, first address centering 
and lens movement issues before refining the re-
fraction.

•	 For scleral lenses, evaluate the central clearance 
using a slit lamp; excessive vault can induce resi-
dual myopia11,12.

Practical technique
1.	 Begin with spherical refraction, identifying the 

best focus.
2.	 Assess the need for residual cylinder. If correc-

tion is required and clinically relevant, it can be 
addressed by:

•	 A front-surface toric lens;
•	 Spectacles over the contact lens, depending on 

the patient’s needs.

More advanced solutions, such as scleral lenses 
with customized optics guided by aberrometry, have 
been studied and may offer additional benefits in re-
ducing higher-order aberrations, although they are 
not yet widely available19.

Strategies according to disease stage
Initial keratoconus
•	 Update refraction frequently, particularly in ado

lescents.
•	 Glasses or high-Dk soft toric lenses may be 

sufficient.
•	 Monitor disease progression with topography/

tomography and consider early CXL if progression 
is detected1,2.

Moderate keratoconus
•	 Prioritize corneal RGP lenses designed for kerato-

conus, hybrid lenses, or scleral lenses, depending 
on cone morphology and the patient’s profile7,9.

•	 Provide spare glasses as a backup, even if visual 
acuity is lower than with contact lenses.

Advanced keratoconus
•	 RGP and scleral lenses are generally the main op-

tical options10,12.
•	 If vision remains suboptimal with a well-fitted 

lens, or if contact lens use is contraindicated, 
consider ICRS to partially reshape the cornea. In 
extreme cases, assess the need for penetrating or 
deep anterior lamellar keratoplasty5,13.

Communication and patient expectations
Visual rehabilitation in keratoconus is an ongoing 

process. It is essential to explain to the patient that:
•	 Different strategies may be required throughout 

life (e.g., changing contact lens type, possible 
ICRS, CXL, or corneal transplant in specific 
cases).

•	 Even with optimized correction, vision may 
not be as “perfect” as in an eye without ectasia, 
particularly in low-light conditions.

•	 Controlling risk factors, especially avoiding eye 
rubbing and managing ocular allergies, is a crucial 
part of treatment and the preservation of vision1,6.

FINAL CONSIDERATIONS

Keratoconus is a relatively common corneal ec-
tasia with early onset and significant functional im-
pact. Recent epidemiological studies, including Bra-
zilian cohorts, have reported higher prevalence rates 
than previously estimated, reinforcing the need for 
early diagnosis and systematic follow-up3,5.
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In this context, visual rehabilitation plays a cen-
tral role. Contact lenses, particularly corneal RGP 
and scleral lenses, are the primary tools for restoring 
visual function in most patients, providing consis-
tent improvements in both visual acuity and quality 
of life7,10,12,13.

Intrastromal ring segments have been established 
as a valuable adjunctive surgical option to reduce cor-
neal irregularity and, in many cases, delay the need 
for corneal transplantation17,19.

Finally, refraction in keratoconus, whether with 
spectacles or contact lenses, requires a refined appro-
ach, taking into account the limitations imposed by 
higher-order aberrations and emphasizing subjective 
visual quality. Recent literature highlights that the 
combination of modern optical techniques, adjuvant 
surgical interventions, and effective doctor-patient 
communication is fundamental to successful visual 
rehabilitation in this population1,2,6.
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